Abstract. We present data from a number of ground stations and satellites that reveal an example of a previously unreported type of global event. The event is characterized by the occurrence of monochromatic pulsations of widely varying frequencies in different regions of local times and L shells. The pulsations appear to be modulated with a •045 min periodicity. Simultaneously, energetic particle fluxes observed at geosynchronous orbit (with energies resulting in a drift period of •045 min) appear to become phase bunched and the pulsations are observed to occur coincident with minima in the particle bunching. Corresponding data from GOES 5 show an increase in the compressional component of the magnetic field with this period. Data from South Pole Station show fluctuations in the east-west component of the magnetic field at half this period, along with a weak auroral signature and riometer absorptions. We conclude that the data show the existence of a global disturbance with a compressional magnetic field signature, and we suggest that this compression induces a radial electric field, based on Faraday's law. Phase bunching of energetic electrons (due to the induction electric field) and monochromatic pulsations are consequences of the global disturbance, although the mechanism responsible for exciting the pulsations is not clear.
Introduction
A number of authors have investigated various properties of radially polarized monochromatic pulsations. Arthur and McPherron [1981] concentrated on a study of Pc4 (7 to 22 mHz) waves and showed that these waves have a strong peak in occurrence rate near dusk. Singer et al. [1982] determined the extent of the resonant regions of radially polarized waves to be 0.2 to 1.6 L shells for three events and showed that the waves were second harmonic standing waves. Takahashi 0148-0227/99/1998J A900155509.00 mHz and determined that they were predominantly second harmonic standing waves, likely excited by waveparticle interactions, with a peak in occurrence rate just after magnetic noon. Kokubun radially polarized events in the Pc3-4 period range observed by AMPTE/CCE and GOES 5 and 6. These events were localized near the equator during quiet times characterized by warm, strongly trapped light ions, often with streaming low-energy plasma. They' suggest that plasma density increases, associated with plasmaspheric refilling, are the cause of local instabili-_ ties leading to wave onset, although they also point out that the possibility exists for either a drift-bounce resonance or a drift Alfvdn ballooning mode. The events they studied occurred from late morning to dusk, and their results are consistent with those of Anderson et al.
[1990], who showed a broad peak in occurrence distribution in the afternoon sector.
In spite of the diverse and varied reports of these pulsations, the data we present appear to be similar to other studies in only a couple of instances. Hughes and Grard [1984] discussed a second harmonic field line resonance observed by three satellites that had characteristics much like those reported here, although no mention was made in their work of the possibility of a global occurrence of their observations. They concluded that a bounce resonance involving medium-energy ions was the most likely source of the waves. Engebretson scribed pulsations with similar characteristics to those reported here. However, the large data set used in our study leads to different conclusions than they obtained. In particular, the event discussed here has the fortunate advantage that data were available from many different stations, exposing its global character.
In this paper, we present data showing monochromatic pulsations that are predominantly radially polarized and whose frequencies vary sharply with local time. The pulsations appear to be modulated with a --•45 periodicity that is also seen as phase bunching of energetic electrons at geosynchronous orbit.
Data presentation' May 10, 1985
The event we consider occurred on May 10, 1985, under quiet geophysical conditions. The AE index peaked at approximately 310 nT about 8 hours before the event but remained near 40 nT for the 3 hours preceding the event and had a secondary peak at only 60 nT just as the event began. Dst did not exceed 4-10 nT, and Kp remained at 0 for several hours preceding the event and during its observation. During this interval, the Bz and By components of the solar wind magnetic field measured by the IMP 8 satellite fluctuated positive and negative with a magnitude of less than 2 nT. The pulsations investigated in this section (not visible in Figure 2 ) are observed to have a wave train or "wave packet" structure, typically lasting approximately 20 min. In the subsections that follow, data are presented from a number of satellites and ground stations that show the simultaneous observation of wave packets at different local times with different frequencies. Not all stations and satellites observed every wave packet, but we concentrate on one that is observed everywhere in an attempt to identify its mode and origin.
Satellite Magnetometer Observations
The AMPTE/IRM satellite was launched on August 16, 1984 The data are presented in a radial-eastward-northward system, which is a spherical system centered on Earth's dipole. In this system, "radial" means radially outward from the center of Earth, "eastward" points azimuthally eastward, and "northward" points perpendicular to these components, toward the north magnetic pole. In the figure, two wave packets can again be seen, although the arrival of the first begins earlier than in the IRM data. The second packet, however, coincides well with the second observed by IRM, although the satellites are separated by more than 4 hours in local time. Power in both the radial and eastward components is present in the first wave packet, although the second contains power only in the radial component. Figure 4 shows that the amplitude of the radial component for the second packet must be at least a factor of 3 greater than that of the other components. The lack of compressional power in both packets suggests that they are transverse waves, although it may be the case that the satellite, near the equator at this time, could be at a node of an even mode compressional wave. Both packets observed by AMPTE/IRM showed significant compressional power at 10 ø magnetic latitude. Hughes [1974] showed that pulsations observed on the ground will have a magnetic field component that is ro- Another feature visible in Figure 8 is an increase in the period of flux bunching with each transit around Earth. While velocity dispersion may be responsible in some way for this increase (faster electrons get ahead of the slower electrons in the drift phase bunch), the precise mechanism is not clear. It may be the case that the period of the driver is increasing for some reason, but it should also be noted that if an overdamped system is perturbed impulsively, the period of the disturbance will increase as the system relaxes. In other words, if a transient perturbation is imposed on the magnetosphere and is overdamped, the period of the perturbation will increase with time. If this is the case here, such a scenario suggests that the event described is triggered by an impulsive disturbance as opposed to a steady state one. • 1125
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• 12000 (Figure 7) show larger amplitudes in the northsouth component. We also showed above that the azimuthal wave number of the pulsations observed in Iceland was m --1.6, significantly lower than expected for Pg's. In addition, the data from AMPTE/CCE (Figure 4) show that the signal is almost purely transverse when observed very near the equator. This property indicates that the pulsations do not have a node at the equator, meaning that their structure is antisymmetric. This result is opposite to the findings of Takahashi et al. [1992] , who concluded that Pg's are due to symmetric standing waves. Based on these arguments, we conclude that the wave packets discussed here are not giant pulsations.
Summary and Discussion
The character and scale of the event can be inferred from the combination of satellite and ground-based data. Pulsations with a wave packet appearance are observed to occur simultaneously with frequencies from 8 to 13 mHz (77 to 125 s period), spanning more than 8 hours in local time and from L -5.9 to L -9.6 and perhaps beyond. In addition, spectral analysis of the Iceland data shows that the wave packets have a bursty nature and tend to occur with an apparent ~45 min periodicity. Data from AMPTE/IRM and AMPTE/CCE also show the ~45 min periodicity, implying that the pulsations are excited or modulated temporally over a large spatial scale. Table 1 although neither study considered energetic particle bunching. Most of the studies, including that of Engebretson et al. [1992] , noted that such pulsations are more often observed on the dayside. The fact that those presented here occur on the nightside during exceptionally quiet times may simply mean that a dipolar field is a requirement for these pulsations to exist. Both concluded that the pulsations must be associated with localized effects, suggesting a high azimuthal wave number, in contrast to the low wave number noted in this study.
Lanzerotti et al. [1973] reported observations of pulsa-
tions that they attributed to excitation of MHD surface waves at the plasmapause. The data they presented showed that a magnetic disturbance observed as an impulsive change at higher latitudes was associated with a damped sinusoidal oscillation at lower latitudes with typical frequencies in the range of •9 to •12.5 mHz, similar to those reported here. The oscillations also appeared to have a very narrow spectral signature, and the authors concluded that they were associated with eigenmodes of the plasmapause. The pulsations in their case were observed only at very low latitudes (L = 3.2) and did not have the repetitious wave packet characteristic of the events reported here. On the other hand, the monochromatic signature in the range of •9 to •12.5 mHz in the vicinity of the plasmapause is similar to the data shown here, suggesting that the same (or similar)
processes may be occurring in each case.
Of all the information that can be derived from the many and varied data sets, perhaps the most important feature that needs to be understood is the low azimuthal wave number of the pulsations observed on the ground over small ranges in local time. On one hand, the low wave number means that the phase of the wave must be nearly constant over this region of local time. On the other hand, the data also show that wave packets can have frequencies that are different at different local times. This apparent conflict might be understood if some sort of spatial boundary (consisting of meridional current sheets?) exists between adjacent wave packets.
Alternatively, perhaps the pulsations have high wave numbers in space but their transmission through the ionosphere has a filtering effect that results in low wave numbers on the ground.
The data presented in this work show a number of features that have not been discovered in previous works.
A thorough understanding of the process involved will require analysis of more events like these in order to characterize the event more completely. Once a number of events have been analyzed, statistics may be used to reduce the number of parameters associated with this type of event, after which it may be possible to isolate its essential features.
